This paper analyses the long-run behaviour of the US and UK unemployment rates by testing for possibly fractional orders of integration and multiple shifts using a sample of over 100 annual observations. The results show that the orders of integration are higher than 0 in both series, which implies long memory. If we assume that the underlying disturbances are white noise, the values are higher than 0.5, i.e., nonstationary. However, if the disturbances are autocorrelated, the orders of integration are in the interval (0, 0.5), implying stationarity and mean-reverting behaviour. Moreover, when multiple shifts are taken into account, unemployment is more persistent in the US than in the UK, implying the need for stronger policy action in the former to bring unemployment back to its original level.
1.

Introduction
The stationary or nonstationary nature of the unemployment rate has been the study of numerous papers in recent years. On the one hand, the hysteresis approach to unemployment suggests that unemployment is a nonstationary highly persistent variable, since fluctuations in the natural rate of unemployment (the NAIRU) are permanent. The standard econometric approach for modelling this type of behaviour relies on a unit root specification. On the other hand, the rejection of the unit root hypothesis supports reversion to a natural rate. The slow reversion often found is normally referred to as hysteresis. Summers (1986, 1987) define it as: "a case where the degree of dependence is very high, where the sum of coefficients is close but not necessarily equal to one". This high persistence of shocks is a feature, among others, of "insider" models (see Lindbeck and Snower, 1988) , or of models in which fixed and sunk costs make current unemployment a function of past labour demand (see Cross, 1994 Cross, , 1995 . In "structuralist" models (see Phelps, 1994 ) the natural rate is "endogenised": as in NAIRU models, unemployment is viewed as having an equilibrium level to which it generally reverts when hit by shocks, but it is also thought to be subject to infrequent structural breaks, resulting from changes in economic fundamentals, which affect the equilibrium itself. Hence the unemployment series should be stationary (or, more generally, mean-reverting) provided one allows for breaks.
The standard approach which uses classical unit root tests (e.g. Dickey and Fuller, ADF, 1979; Phillips and Perron, PP, 1988; Kwiatkowski et al., KPSS, 1992 ; or some of their recent developments, i.e., Elliot et al., 1996; Ng and Perron, 2001, etc.) for testing the above theories of unemployment has two important limitations. First, it only considers integer values for the orders of integration (1 in the case of unit roots, and 0 for stationarity), but it does not allow for fractional alternatives, where the fractional parameter d can take any value in the interval [0, 1] or even above 1. Besides, these methods do not allow the rate to which reversion occurs (the natural rate) to shift, and are therefore inadequate to describe the pattern observed in unemployment rates. Note that under hysteresis (or persistence -see, e.g., Blanchard and Summers, 1986 , 1987 and Cross, 1987 ) the order of integration (denoted by d) should be equal to or at least close to 1, implying that the effects of the shocks are permanent (if d = 1) or at least highly persistent (if d < 1 though close to 1), whilst infrequent breaks would give support to the structuralist view (Phelps, 1994) . On the other hand, a value of d close to 0 would favour NAIRU theories (see, e.g., Friedman, 1968) .
In this paper, we deal with the two above-mentioned problems (i.e., not considering fractional alternatives and/or mean shifts) by means of a procedure that enables us to consider both fractional orders of integration and multiple mean shifts. By using fractional orders of integration, we allow for a much richer degree of flexibility in the dynamic behaviour of the series. Thus, if the order of integration (denoted by d) is higher than 0 but smaller than 0.5, the series still will be covariance stationary, though the effects of shocks will take longer to disappear than in the case of d = 0. In the latter case, the series is said to be "short memory" and the effects will disappear fairly soon, according to an exponential decay, if, for example, the observations are autoregressive. On the other hand, if d > 0, the series is said to be "long memory" and the decay is hyperbolic. Also, if d belongs to the interval [0.5, 1], the series is no longer covariance stationary but is still mean reverting, with shocks disappearing in the very long run. Further, it is well known that standard procedures for nonstationary unit roots (ADF, PP, KPSS, etc.) have extremely low power if the alternatives are of a fractional form (Diebold and Rudebusch, 1991; Hassler and Wolters, 1994; Lee and Schmidt, 1996, etc.) .
The existence of different regime shifts in time series has been found in recent years to be crucial in the determination of the long-memory parameter (see, e.g., Inoue, 2001, Gourieroux and Jasiak, 2001; Granger and Hyung, 2004; etc.) , as overlooking breaks may lead to spurious findings of long memory. For instance, Lobato and Savin (1998) argue that structural breaks may be responsible for the long memory in return volatility processes, and Engle and Smith (1999) investigated the relationship between structural breaks and long memory using a simple model where the data generating process consists of a mean process and a stationary error. Other authors such as Diebold and Inoue (2001) and Granger and Hyung (2004) argue consider that structural breaks and long memory are highly related and that it is difficult to distinguish one from another.
The testing procedure described in Section 2 enables us to consider unit and fractional orders of integration and has standard null and local limit distributions. This is a distinguishing feature of the tests compared with other methods for testing, such as unit root tests, where the limit distribution is non-standard, in the sense that critical values have to be calculated numerically in a case by case simulation study. Moreover, this standard limit distribution holds regardless of the inclusion or non-inclusion of deterministic components and thus is not affected by the inclusion of multiple mean shifts, as will be the case in the present study.
We focus on the US and the UK in particular since several studies (e.g., Alogoskoufis and Manning, 1988) have found that US unemployment typically displays lower persistence than in European countries such as the UK. The latter is a particularly interesting case because of the mixed evidence on whether persistence has decreased or increased there since the early 1980s when labour market reforms (aimed at eliminating rigidities) were implemented by the Conservative government led at the time by Mrs.
Thatcher. Contrary to what one would expect, some authors, such as Blanchflower and Freeman (1994) , have reported a slower transition from unemployment to employment in the Thatcher years.
The outline of the paper is as follows: In Section 2 we briefly describe the procedure employed here. Section 3 applies this method to examine the orders of integration of the UK and US unemployment rates allowing for multiple shifts. Section 4 contains some concluding comments.
2.
The testing procedure
We assume that y t is the time series we observe, and consider the model:
where z it = 1 I(t ∈ T i ) and T i is a subsample of the time period examined, so that z it represents a mean shift in the time interval T i . Also, we assume that x t in (1) is given by:
where d can be any real number, L is the lag operator (Lx t = x t-1 ) and u t is an I(0) process, defined, for the purposes of the present study, as a covariance stationary process with spectral density function that is positive and finite at the zero frequency.
Note that the polynomial on the left-hand-side in (2) can be expressed in terms of its Binomial expansion,
Robinson (1994) proposed a Lagrange Multiplier (LM) test of the null hypothesis:
, :
in a model given by (1) and (2) for any given real value d o . Specifically, the test statistic takes the form:
,;
where T is the sample size and
The function g above is a known function coming from the spectral density function of u t ,
where T * is a suitable compact subset of the R q Euclidean space, and I(λ j ) is the periodogram of , where Robinson (1994) 
where the probability that a standard normal variate exceeds z α is α. Robinson (1994) also showed that the test is efficient in the Pitman sense, i.e., that against local departures of form: H a : d = d o + δT -1/2 , with δ ≠ 0, rˆ has a normal limit distribution with variance 1 and mean that cannot be exceeded (when u t is Gaussian) in absolute value by any rival regular statistic. This version of the Robinson's (1994) tests was used in empirical applications in Gil-Alana and Robinson (1997) and Gil-Alana (2000) , and other versions of his tests based on seasonal (quarterly and monthly) and cyclical data can be found respectively in Gil-Alana and Robinson (2001) and Gil-Alana (1999 , 2001 ).
The US and UK unemployment rates
The data used in this application are annual US unemployment rates from 1890 to 2001 and annual UK unemployment rates from 1885 to 2000. A complete discussion of the data can be found in Bianchi and Zoega (1996) . Their data set ended in 1994 and has been updated Having taken these to be the mean shifts in the two series, we next perform the version of Robinson's (1994) tests described in Section 2. We test H o (3) in (1) and (2) with k = 3 for the UK, and k = 4 for the US, for values d o = -1, -0.99, -0.98, … , 0, 0.01, 0.02, …, 1.98, 1,99, 2, 3 assuming first that u t in (2) is white noise and then also allowing for autocorrelated disturbances -in particular, we consider AR(1) and AR(2) processes.
(Insert Table 1 about here) to the coefficients of the mean shifts, the cases when the values were significant at the 5% level are reported in bold in Table 2 . One can see that all of them are statistically significant, except the first (β 1 ) for the UK with autocorrelated disturbances. The last column of Table 2 reports some diagnostic tests carried out on the estimated residuals from each of the selected models. In particular, we perform tests of no serial correlation, homoscedasticity and functional form. Starting with the UK, we see that the only model to pass all the diagnostic tests is the one corresponding to the AR (1) 
Moreover, we performed Beran's (1992) goodness-of-fit statistic on the selected model for each country, and evidence in favour of the two models was found. In view of this, we can conclude that both series are stationary, though with a component of long-memory behaviour. impulse responses of the selected models, along with the responses corresponding to the case of white noise u t . As expected, these responses are extremely low for the latter case, and do not, in fact, decay for the US, where d is slightly higher than 1. However, using the selected models, the decay is faster, combining the hyperbolic and the exponential decay from the fractional and AR structures respectively. Even 10 periods after the initial shock, the value of the impulse response is still 4.9% in the case of the UK. For the US, the effect is even higher, the value of the impulse response being 12.6% after 10 periods. The lower degree of decay in the US can also be noted in Figure 2 , which shows the first 50 responses in both countries. The values are higher in all cases for the US. The results for the UK might appear surprising, as it is generally thought that there have been more rigidities in the UK labour market compared to the US one, and therefore a higher degree of persistence (and thus hysteresis) should be expected in the UK (se, e.g., Alogoskoufis and Manning, 1988, or Anderton, 1998) . What our analysis reveals is that in fact, once multiple shifts are taken into account, the evidence supporting hysteresis vanishes. This might suggest that labour market reforms aimed at eliminating imperfections and rigidities preventing or slowing down labour market adjustment and clearing might have been more successful than previously thought in the UK. By contrast, the results for the US are in line with earlier findings supporting lower persistence (see again Alogoskoufis and Manning, 1988) and possibly a NAIRU model.
Conclusions
In this paper we have examined the stochastic behaviour of UK and US unemployment rates using a method that enables us to test unit and fractional orders of integration in the presence of multiple shifts. For this purpose we have employed Robinson's (1994) parametric procedure. Using this method, we can include deterministic trends in the model with no effect on its standard limit distribution. A limitation of this procedure is that one has to determine a priori the time and type of break. We do this by using Bai and Perron's (1988) method to determine the number of breaks. It is shown in Hegwood (2004) 1905, 1926, 1942 and 1973 . These breaks were then incorporated in the set-up of Robinson (1994) for testing the order of integration of the series.
Our fractional integration framework is appropriate for both stationary processes (implied by NAIRU models -see, e.g. Friedman, 1968, and Phelps, 1967) , and highly persistent/nonstationary ones (as in hysteresis models -see, e.g., Blanchard and Summers, 1986 , 1987 , and Barro, 1988 , and by incorporating structural breaks it can also be used to model processes exhibiting regime change (as in structuralist models -see, e.g., Phelps, 1994) . (1) u t . For the US, the order of integration seems to be slightly higher (d = 0.18), with an AR(2) structure for the disturbances. In conclusion, both series are stationary and mean-reverting, with the effects of the shocks dying away in the long run -even in the UK, for which it is generally thought that a hysteresis, rather than a NAIRU model is appropriate (unlike the US, where evidence for the latter is generally found). Our analysis points to a lower degree of persistence in the UK, suggesting that taking into account mean shifts provides stronger evidence that NAIRU models might be appropriate for both countries. Consequently, it appears that labour market reforms (more successful than previously thought even in the case of the UK) are the key to reducing unemployment. Further, the fact that the adjustment process is faster in the UK implies that more decisive policy actions are required in the US to bring unemployment back to its original level.
Another issue of interest is the dating of the breaks. For this purpose a procedure recently developed by Gil-Alana (2008) could be used; this enables one to determine the break dates endogenously in the context of fractional integration. A final issue is to establish whether the chosen model (based on fractional integration with multiple shifts) predicts better than other standard approaches based on integer 0/1 differentiation with or without structural breaks. This will be examined in future papers. In bold the coefficients which are significant at the 5% level; A stands for homoscedasticity and B for no serial correlation, whilst C for a functional form test. 
